Patients with neurocirculatory asthenia .(N. C.A.), anxiety neurosis, or effort syndrome commonly complain of shortness of breath, inability to draw a satisfactory breath, and incapacity for work caused by breathlessness. Such symptoms have been noted in the classic works on this subject by DaCosta (1) and Sir Thomas Lewis (2) among others.
The present report deals with studies carried out to investigate in a quantitative way characteristics of breathing in N.C.A. These studies included investigations of (1) patients' symptoms as compared with those of control subjects; (2) study of characteristics of breathing at rest, including respiratory rate, minute respiratory volume, tidal air, oxygen consumption, incidence of sighs, variation in respiratory rate and in respiratory depth; (3) studies of breathing during exercise, of ventilation index, and of the relation of ventilation index to awareness of shortness of breath, i.e., dyspnea; (4) studies of ventilation and ventilatory efficiency while walking and running on a treadmill. Details of technique will be described in each section.
In general, studies were done on 74 patients with chronic N.C.A. and on 27 patients with acute N.C.A. These two groups of patients were differentiated on grounds of history alone (3) . Those who had a lifelong course and could never do hard work or athletics were designated as chronic N.C.A. Those who gave convincing evidence of good health, ability to do muscular work or athletics, and emotional stability previous to the de- velopment of illness were designated as acute N.C.A. In addition to studies related to breathing the patients were subjected to a wide variety of other tests which are reported elsewhere (3) .
For control subjects we used 129 healthy subjects, of whom 117 were soldiers, and 25 soldiers who were convalescing from infected war wounds.
Incidence of symptoms METHOD. A series of questions was administered to 74 patients with chronic N.C.A., 25 patients with acute N.C.A., 25 convalescent controls, and 55 healthy control subjects. The presence of the symptom was noted on a printed check list by plus, the absence by zero.
In addition, during the 20-inch step test (4, 5) , patients and control subjects were asked to perform for 5 minutes at the pace of 30 trips per minute for a maximum of 5 minutes. The subjects were asked what stopped them when they did not go on for the full 5 minutes. The incidence of breathlessness among other symptoms was tabulated for control subjects and patients.
RESULTS. The incidence in N.C.A. of symptoms involving breathing is presented in Table I , which shows that there is a high incidence of symptoms related to breathing in N.C.A. It is of further note that there is consistently, for each symptom, a higher incidence in the chronic N.C.A. group than in the acute; there is a slightly greater incidence of such symptoms as breathlessness and inability to get a satisfactory breath in convalescent subjects as compared to healthy controls.
The feeling of breathlessness may be present at any time in the patients. In addition, patients commonly have the feeling that they do not breathe in a satisfactory manner, that they do not get in enough air while breathing, or that their breathing does them no good.
Difficulties in breathing are quite marked when the patients attempt to wear a gas mask or while they are attempting to swim. (6) A sigh was defined for purposes of this study as an inspiration which was at least 2½ times the depth of the previous inspiration if it was representative; if not, the first such breath in that minute was used as a basis of comparison. (7) Basal metabolic rate was calculated in the usual manner (6) . (8) Coefficient of variation was calculated for rate in each patient by dividing the standard deviation of respiratory rate by the mean respiratory rate. Table II presents the mean of the coefficient of variation for respiratory rate. (9) Coefficient of variation for depth of inspiration was obtained by dividing standard deviation of the depths of inspiration for 6 minutes by the mean inspiratory depth (tidal air). The latter two measurements were made to discover whether the breathing of patients with N.C.A. was more irregular in rate and in inspiratory depth than was true of healthy control subjects.
RESULTS. Table II shows that minute respiratory volume and oxygen consumption are the same for the two groups. However, respiratory rate is definitely more rapid in patients, and the breathing in patients is more shallow. This is true even after adjusting for differences in body size. Sighing is more frequent in patients than in control subjects, but not significantly so in this series.
SUMMARY. N.C.A. patients resting, fasting, and breathing oxygen as compared with healthy control subjects show: (1) a higher respiratory rate, (2) shallow breathing, (3) a greater coefficient of variation in depth of inspiration.
Studies of ventilation index and its relation to awareness of shortness of breath dyspneaa) Since the feeling of breathlessness (dyspnea) was almost universal in N.C.A., investigations were conducted to reveal more about the nature of this symptom. We particularly wished to learn the answers to the following questions. (1) Does The test was carried out by having the subject walk over a set of steps with measurements of ventilation before, during, and after the exercise. The steps used have been described by Harrison and have the following measurements: low step 17 cm., high step 32 cm., length of platform 64 cm.
The patient was given a demonstration of the 4 paces of the test. He practiced a few steps at each pace in order to familiarize himself with the steps. He then sat in an Adirondack reclining chair for 30 minutes. At the end of this period the patient was connected to the Tissot spirometer. The resting ventilation for 3 minutes was measured along with pulse rate and respiratory rate. The exercise then proceeded for 2 minutes and the patient then rested for a 5-minute recovery period, the ventilation being measured continuously during this 7-minute period (comprising 2 minutes exercise and 5 minutes recovery period). The pace of the step test was regulated by a metronome. The first exercise consisted of 6 trips, the second of 12 trips, the third of 16 trips, and the fourth of 24 trips in 2 minutes. One observer, using a stopwatch, counted off the pace for the patient, slowed him down or speeded him up if he lost the pace, held the tubing connecting him to the Tissot to avoid his being entangled in it, and for certainty checked the number of trips with a Veeder counter. Second observer read and recorded the Tissot units and also counted respiratory rate during the test.
Pulse recovery rate was determined also by the first observer. The RESULTS. Ventilation index: Figure 1 shows that for each exercise the mean Ventilation Index is higher in the N.C.A. patients than it is in the healthy control subjects. Tables III and IV) .
It is of further interest that patients with chronic N.C.A. show higher ventilation indices than do No. = number of subjects exercised; V.I. Ventilation Index; 6 = Standard deviation of the observations in the sample; S.E. = the standard error of the mean; S.E.diff. = standard error of the difference between the two means; Significance ratio = S.E.diff. + difference between means; Odds = the probability of the difference arising once in this number of times by chance.
Acute N.C.A. Although vital capacities were the same in value in the two groups, it was of interest that more trials were required to obtain 3 checking values in N.C.A. A mean of 3.3 extra trials was required to check the controls, as against 5.44 extra trials for patients. This difference was significant, significance ratio being 2.36. Two controls and 12 patients never checked within 50 ml.; in those we used the highest value for calculation purposes.
Total ventilation during and after exercise: The total of ventilation (2 minutes during and 5 minutes of recovery after exercise) is shown in Table  V to be higher for The difference in ventilation index between N.C.A. and control subjects is thus due to the ventilation factor, not to the vital capacity factor.
Minute respiratory volume during and after exercise: Figure 2 shows that for each minute during and after exercise the mean minute respiratory volume is higher in N.C.A. than in healthy controls. pace of exercise becomes more rapid. Figures 2  and 3 further illustrate that the differences are more marked after exercise than during exercise. The percentage difference between the mean ventilation in N.C.A. and in healthy control subjects, using the mean ventilation of the healthy subjects for that minute as a baseline, reaches its peak during the second recovery minute, as shown in Figure 4 .
Respiratory rate and tidal air: The respiratory rate was greater in N.C.A. than in controls. Table  VI shows that this is true during the preliminary baseline observations and for each exercise, the data for the fourth minute (i.e., second recovery This demonstrates that at the same level of ventilation index, the "objective correlate of dyspnea," more patients feel distress and shortness of breath, and to a greater degree, than do control subjects. This shows that the incidence and degree of dyspnea in N.C.A. is not only out of proportion to the amount of exercise, but also is out of proportion to the amount of ventilation and ventilation index.
Appearance of objective respiratory distress: Table IX shows that by our impressionistic method of estimating the presence and degree of objective respiratory distress N.C.A. patients showed a higher incidence of objective respiratory distress than controls for the same amount of exercise. At the same amount of ventilation index, the patients exhibited a higher incidence of appearance of objective respiratory distress with a greater degree of it. When we compared our estimates of the 3 degrees of severity of objective breathlessness with the 3 degrees of the patients' subjective reports, there was noted a tendency for the patients to report feeling more than we estimated, for the controls to report less. This comparison is obviously impressionistic, and this must be taken into consideration when evaluating this type of data.
SUMMARY. 1. Ventilation index is higher in patients for each exercise than in controls, the difference becoming greater as the rate and amount of exercise increase. 2. Vital capacity does not differ from that of controls.
3. Total pulmonary ventilation is higher, during and after exercise, the difference being greater as the rate and amount of exercise increase.
4. The high ventilation index in N.C.A. is due to the high ventilation, therefore, and not to the vital capacity factor.
5. The resting minute respiratory volume, with persons seated and breathing air, is slightly but significantly higher in patients.
6. Minute respiratory volume is higher in N.C.A. for each minute and for each exercise. The greatest minute respiratory volumes are noted at the beginning of the recovery periods, not during the exercise.
7. Both respiratory rate and tidal air are higher in N.C.A. than in controls, as judged from the second recovery minute.
8. The differences in minute respiratory volume between N.C.A. and controls are largely due to the disproportionate rise in respiratory rate in N.C.A.
9. For the same amount and rate of exercise patients complain in higher incidence and of a greater degree of shortness of breath than do controls.
10. For the same amount and rate of exercise patients complain in higher incidence of distress and discomfort.
11. For the same amount and rate of exercise more patients exhibited objective respiratory distress than did controls. 12. For the same level of ventilation index more patients exhibited objective respiratory distress than did controls. 13 . In comparing our estimates of patients' objective respiratory distress with patients' subjective reports, there was noted a tendency for the patients to report more than we estimated, for the controls to report less.
14. Both the awareness of and outward appearance of shortness of breath are related in N.C.A.
to some factor or factors other than amount of pulmonary ventilation.
Breathing while walking and running on a treadmill METHOD. Ventilation and ventilatory efficiency were studied in N.C.A. patients while running at 7.0 miles per hour and while walking at 3.5 miles per hour on a treadmill, Grade 8.9 per cent2 by methods described by Robinson (12) . Other aspects of this study have been reported elsewhere (3, 13) .
RESULTS. Table X shows that during running ventilation starts higher but ends lower; as the run progresses ventilatory efficiency is lower at all intervals of run for N.C.A. Data from a group of younger men (14) are included for comparison and the N.C.A. patients differ even more from them.
During the walk there is a higher pulmonary ventilation and a lower ventilatory efficiency in N.C.A. SUM MARY. Ventilation is higher in N.C.A. for moderate work than in controls, is higher in N.C.A. as hard work begins but becomes lower as hard work progresses. Ventilatory efficiency is 2Referred to in previous Harvard Fatigue Laboratory publications as 8.6 per cent. In neurocirculatory asthenia, anxiety neurosis, or effort syndrome many respiratory symptoms occur in high incidence. They constitute a characteristic and therefore diagnostic feature of the disorder; the absence of such symptoms makes the diagnosis of N.C.A. improbable. The complete mechanism of these symptoms is unknown. It is of interest that when respiration is investigated objective abnormalities are found, just as when other symptoms of N.C.A. are investigated with objective methods (3), which demonstrates that the abnormalities are not all in the subjective sphere.
The abnormalities at rest and breathing oxygen are few; while breathing air at rest M.R.V. was higher; during exercise the abnormalities become more pronounced, the deviations from the normal becoming greater as rate and amount of excercise increase. This is of interest particularly since the patients' disability involves especially hard work.
Ventilation index was higher in N.C.A. than in controls. This was true, but to a lesser degree, in cases of "cardiac neurosis" described by Harrison (15) who felt that the differences were not noteworthy. The differences between N.C.A. and controls are more marked in this study, probably due to the fact, as suggested to us by Harrison (16) , that his healthy controls were less fit than ours and our N.C.A. patients were sicker clinically than those he studied. In fact, this corresponds with a general scheme in which the most fit and youngest subjects show lowest values, the healthy men in the late twenties are next, N.C.A. higher, the most severe being highest (Table XI) .10, 15, 17 Patients with heart disease, of course, are highest (10). The ventilation factor accounts for the high ventilation index. The ventilation is highest after exercise, disproportionately so in N.C.A. as compared with controls. This may be related to other evidence of increased oxygen debt in N.C.A. and high blood lactate after exercise (3, 5, 13 (White, 18) that running while wearing a gas mask was especially difficult and extremely abnormal in patients with effort syndrome and neurosis. The general rule that the greater the stimulus the more obvious the abnormality in N.C.A. is true of phenomena other than respiratory ones, for example, response to pain (3).
There has been a certain amount of discussion as to the proper definition of dyspnea. Means (19) defines it as a "symptom that arises whenever in carrying on the respiratory function difficulty is encountered." He points out that "when, however, the respiratory organs do meet with embarrassment in the performance of their task, then not only do their movements enter the field of consciousness, but they enter it unpleasantly and produce discomfort, that is to say dyspnea." Meakins (20) states "dyspnea is the consciousness of the necessity for increased respiratory effort." Harrison (10) regards dyspnea as a subjective phenomenon purely. Wright (21) states that "when the breathing enters consciousness unpleasantly and produces discomfort it is called dyspnoea." Christie (22) takes exception to this point of view, feeling that dyspnea should describe "difficult, painful, bad, or disordered breathing. The word can therefore be used objectively as well as subjectively and the more elastic definition of dyspnea as breathing associated with effort is fully justified.-" He points out that if one adopts too rigidly the definition of dyspnea as a subjective complaint "the absurdity is admitted that the hysterical patient who shows no evidence of increased ventilation or respiratory embarrassment but complains of inability to get enough air into the lungs is truly dyspneic; while the patient with pneumonia who, though distressed, refuses to admit a feeling of breathlessness is not dyspneic."
It is not clear to us what the proper usage of the word dyspnea should be. If the word is used at all, however, it should be used uniformly to mean the same thing by all observers. It is clear from this study that the subjective feeling of shortness of breath and distress is not based entirely on the amount of ventilation, since N.C.A. patients feel more shortness of breath and distress for the same amount of ventilation than do controls. This is true in addition to the fact that for the same amount of work N.C.A. shows higher ventilation and ventilation index.
It is important, therefore, that the subjective complaints' of shortness of breath, distress, and discomfort be considered as not identical with the phenomenon of increased respiratory volume. There is, it might be added, no definite evidence as yet as to what area or areas of the brain are associated with the localization of the subjective feelings of dyspnea.
The tendency of N.C.A. patients to react more to uncomfortable stimuli is present in other spheres of discomfort, such as thermal pain and uncomfortable hand gripping (3, 5) , and is also evidenced in other functions such as pulse rate (3). These facts do not explain the phenomenon but make it important to realize that it is not an isolated one, since N.C.A. patients react more than do controls to other types of stimulus and with other systems.
We were not able to confirm the finding of low vital capacity in effort syndrome patients in whom similar studies of respiration were made (23) . These observers reported vital capacity mean of 2,840 ml. in patients and 4,172 ml. in controls. It is possible that difficulty in checking vital capacity results in N.C.A. may account for this difference. We found that patients and controls had identical vital capacity values as determined by our strict technique, but patients took more trials for a check. Whether this was due to poor motivation, poor voluntary control of respiratory movements, different type or stage of illness studied, or to other factors is unknown.
The evidence of poor ventilatory efficiency corresponds interestingly, although it may not explain, another symptom which patients have which is that they "can't get in enough air" or that "air doesn't seem to do as much good as it should." CONCLUSIONS 1. In neurocirculatory asthenia, effort syndrome, or anxiety neurosis there are many symptoms referable to respiration.
2. At rest, while breathing oxygen, patients show rapid respiratory rate and abnormally shallow breathing.
3. While breathing air, minute respiratory volume is significantly higher in N.C.A. at rest and during moderate exercise than in controls, becoming lower as hard exercise progresses.
4. The greatest disproportion in pulmonary ventilation between patients and controls occurs in the early minutes of the recovery period after exercise, suggesting a relation to the high blood lactate and oxygen debt mechanism.
5. Vital capacity is normal in neurocirculatory asthenia. 6 . Ventilation index, an objective correlate of dyspnea, is high in neurocirculatory asthenia.
7. The incidence and degree of dyspnea are out of proportion to the severity of exercise, the pulmonary ventilation, or the ventilation index in N.C.A.
8. Ventilatory efficiency is low in neurocirculatory asthenia both in moderate and in severe muscular exercise.
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